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Abstract. The mineral content of juices or the juice mineral pattern can be considered the 
first step in the determination of juice authenticity. Apple, orange and grapefruit natural juices, 
bottled in plastic or glass bottles, were analyzed by ICP-MS. For the natural juices Cu content 
was from 0.121 ppm (apple juice) to 2.037 ppm (grapefruit juice). One of the tested apple juices 
had the greatest concentration of Pb (0.162 ppm) from all juices. As there are no official 
standards for minerals MAL (maximum admissible limit) in fruit juices the results were 
compared to official standard for minerals MAL (including Pb and Cd) in water.  
 




During the last years there was a significant increase in consumers’ interest for 
natural fruit juices. (Al-Jedah and Robinson, 2002). There is a great interest in monitoring 
the mineral content of juices as well as to identify the juice mineral pattern which can be 
considered the first step in the determination of juice authenticity. However the 
determination of juice authenticity involves many analytical methodologies and can be 
handled only in complex multidisciplinary laboratories (Barnes et Degrah, 1997). 
Metal determinations can resolve many issues for all sorts of drinks such as soft 
drinks or fruit juice including water (Barnes, 1997). The main questions arisen by 
consumers are: Have authentic products been used? Is the product contaminated? Or how 
nutritious the product is? Metal such as Al, Cd, Pb, Hg, As, have been for a long time 
monitored for their harmful effect on human health (Banks and Kastin, 1989; Ankeet al 
1991). 
The present study has monitored the mineral content of Mg, Al, K, Ca, Cr, Mn, 
Fe, Co, Ni, Se, Rb, Sr, Cd, Cs, Ba, Pb and Bi in nine types of apple juices (apples, 
oranges and grapefruits). The results were compared using ANOVA analyses and 
TukeyCramer HDS test for comparing the mean total concentrations of minerals for all 
types of juices 
  
MATERIALS AND METHODS 
 
 All juices were digested using a microwave oven and the method described by 
Barnes, (1997). 
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A Thermo XS series 2 ICP-MS spectrometer was used for the total concentration 
analyses. Operating conditions for Thermo XS series 2 ICP-MS: 
Sample uptake 40s  
Washout 60s 
Runs 3 
Saple uptake;: 0.7 l/min 
Sampling depth 15mm 
Sampler 1.0mm, Ni 
Skimmer 0.4, Ni 
Internal standard 103Rh 
Neb. 1.9 bar  
Spike recoveries from 80% to 110% 
All operating conditions were optimized to yield the highest signal/ background 
ratio for 9Be, 115In, 230U, 556Fe, 209Bi, 140Ce, 156 CeO, 75As, 27Al. 
Prior to analysis each sample was spiked with the internal standard (Rh). The 
dilution factor for each sample is 10.   
All elements were determined against external calibration using synthetic standard 
acid multielemental standard (MERCK ICP-MS standard of 24 elements). Four standards 
were prepared by dilution containing 1 ppb, 10 ppb, 100 ppb and 1000 ppb of the 24 
elements. The accuracy of the calibration was assessed by using reference materials such 
as stream sediment CRM (water). 
 
RESULTS AND DISCUSSION 
 
Total mineral mean concentrations and their standard deviations are presented in 
table 1. 
Although two elements were measured only a small selection is present. Elements 
such as Li might interfere with argon polyatomic molecules, which may be created in the 
plasma therefore the RSD of the measurements were high. In these circumstances the 
accuracy of the result is questionable. Moreover the lack of a tension stabilizer may 
















Tab. 1.  
Total mineral mean concentrations (M1, M2, M3, P1 etc.) and their standard deviations (SM1, SM2 etc.) 
 























Apple M1 ND 7873 798.5 13910 2354 24.02 40.3 1822 23.79 410 13.58 29.73 
SM1 - 211.2 15.17 319 105 0.285 1.575 45.77 1.061 18.66 0.527 0.828 
Apple M2 9745 8159 585.9 5649 14590 15.4 9.974 1502 20.4 ND 5.447 57.03 
SM2 465.8 203.6 15.1 127.3 342.2 0.344 0.404 35.09 0.364 - 0.357 1.231 
Apple M3 7168 8892 1201 12880 4636 25.67 64.61 2134 46.06 ND 6.718 162 
SM3 441.2 237.4 29.59 308.8 206.8 0.979 2.525 59.41 0.649 - 0.489 5.677 
Orange P1 ND 14150 971.5 22730 6320 26.47 47.22 2308 28.38 293.9 2.579 53.94 
SP1 - 241.3 18.99 431.2 202.8 0.587 1.847 46.19 0.167 8.637 0.275 1.536 
Orange P2 3603 5908 1010 1070 4657 29.84 19.97 2692 38.42 435.7 1.54 55.45 
SP2 227.3 113.4 20.83 23.01 107.4 0.789 1.459 76.48 0.25 22.6 0.035 1.268 
Orange P3 947.6 3773 738.2 454 4685 22.05 22.98 3179 26.76 635 3.426 80.39 
SP3 207.4 98.03 16.25 30.71 117.8 0.597 0.846 81.39 0.809 15.83 1.077 2.107 
Grapefruit 
G1 187.8 9449 768.1 14540 9411 18.16 42.24 2604 31.64 2196 3.914 69.23 
SG1 230.6 308.9 22.86 460.4 335.4 0.785 1.857 79.39 1.265 51.24 0.856 2.03 
Grapefruit 
G2 4831 8836 794.5 5070 2844 42.38 22.02 2940 52.8 183.8 2.29 37.66 
SG2 277 257.4 20.79 454.1 131 1.419 0.861 80.15 2.52 15.62 0.219 0.884 
Grapefruit 
G3 4479 11070 903.1 2630 4033 36.27 20.1 1498 59.59 244.4 2.761 33.31 








Tab. 2.  
The mean concentrations for all minerals were compared using the Tukey-Kramer HSD test. 
Levels not connected by same letter are significantly different  = 0.05). 
 
The great variability between juices is due not only to nature of the fruit content 
(apple, orange, and grapefruit), but also to the concentration of natural juice used in 
beverages formula.  The taste of the beverage is supporting a certain choice of the 
consumer; therefore the consumer should be aware of the mineral content of the 
beverages if a certain diet is followed.   
The determination of minerals and trace metals in fruit, juice, and juice products 
may be performed to identify the juice authenticity, the composition of juice blends or the 
geographical origin, tampering, contamination, misbranding and adulteration of certain 
beverages.  
However the minerals that were determined in this study should be followed by 
other analyses such as for viscosity, total solids, total water content, total sugars etc., in 
order to identify misbranding or adulteration. The present study is mostly useful for the 
quantification of heavy metals intake for consumers.  
These fruit juices are of a great popularity especially in countries where the 
consumption of juices are of tradition or enhanced by hot climate. In these circumstances 
one may drink about 1.5 liters per day during summer. This behavior was little taken into 
account when establishing the heavy metals maximum acceptable limits. 
For total Cu concentration the following classification could be made: 
G1 > P3 > P2 = M1 > P1 = G3 > G2, while M2 and M3 apple juice had no 
detectable Cu concentration. 
The fruit juice content of the juices which were analyzed varies between 4 and 
40%. According to the USDA recommendations the total Cu concentration in natural 
juices obtained after fruit processing should be about 0.44 ppm in orange juice, about 
0.33 ppm in grapefruit juice and about 0.27 ppm in apple juice.  
We ca speculate that in this circumstances (considering the juice formula) the total 
Cu concentration in the samples we have analyzed should be 0.0176 ppm and 0.176 ppm 
for orange juices, in the range of  0.0132 ppm to 0.132 ppm for grapefruit juices, and 
0.0108 ppm and 0.108 ppm for apple juices. The data obtained for the samples which 
were analyzed are within these limits excepting the apple juices samples M2 and M3 and 
Juice types Na Mg Al K Ca Cr Mn Fe Ni Cu Cd Pb 
 1. Appel juice  M1  - E D B F D C E G C A F 
 2. Appel juice M2 A D E D A F E F H - B D 
 3. Appel juice M3  B C A C D D A D C - B A 
 4. Orange juice P1  - A B A C D B D E D D D 
 5. Orange juice P2  C F B F D C D C D C E D 
 6. Orange juice P3  D G D G D E D A F B D B 
 7. Grapefruit  juice G1  D C D B B F C C E  A C C 
 8. Grapefruit  juice G2  C C D D F A D B B E D E 
9. Grapefruit  juice G3  C B C E E B D F A D D E 
 280 
the G2 grapefruit juice sample, which exhibit a concentration above the highest 
estimate value.  
Al maximum admissible limit for the drinking water is 0.2 ppm (US-EPA), and 
the total Al concentration in the samples which were analyzed is higher than this limit.  
Ni contamination may occur during fruit processing or due to water contamination 
used in producing the juices. The US-EPA upper admissible limit of Ni concentration in 
water is 0.04 ppm. This limit was exceeded for G2, G3 and M3 juice samples.  
The maximum acceptable limit for Cd concentration in drinking water is 
0.005ppm (US-EPA). All the samples contained Cd total concentrations below this limit 
excepting the apple juice which contain a higher concentration. It is uncertain if this 
situation is due to fruit contamination, water contamination or processing.  
Lead upper acceptable concentration in drinking water is 0.015 ppm (US-EPA), 
and all samples which were analyzed exhibited total Pb concentrations above this limit. 
Although Pd is les mobile than Cd in the soil-plant system (Tudoreanu et al, 2007) the 
contamination with lead is high in the juice samples. It is improbable that the Pb 
contamination is coming from fruit contamination. We can suspect that the Pb 




The results for macro- and microelements were compared to standard values for 
each type of juice, estimated by USDA Nutritional Database for Standard References, 
and those obtained in the case of heavy metals with maximum limits allowed in drinking 
water recommended by the EPA, so were registered exceeded or normal values for 
minerals. For example, concentrations of calcium and magnesium levels were within the 
estimate limits for all types of fruit juices. Sodium concentration was increased, probably 
due to ingredients like sodium sorbate or benzoate. 
All fruit juices contained residues of aluminum and lead. 
In apple juices samples was registered the largest concentration of cadmium, more 
than the maximum allowed level for drinking water, compared to the other analyzed 
juices samples, where this element levels were within the acceptable limits, and 
grapefruit juices registered the largest concentrations of nickel relative to the maximum 
allowed level in drinking water. 
Maximum admissible limits for heavy metals contamination of fruit juices should 
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